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Titie: A Photovoltaic Device Based on Conjugated Blodc Copolymers 
Inventon Sam-Shajing Sun 

A Photovoltaic Device Based on Conjugated BIocIc Copolymers 

BACKGROUND OF THE INVENTION 

Field of the Invention: 

The present invention relates to the field of photovoltaic or opto-electronlc 
devices. More particularly, this invention relates to cost effective, lightweight, and 
flexible shaped "plastic" photo detectors and "plastic" solar cells (renewable and dean 
energy generation), ^c. 

Background . \ 

Photovoltaic (PV) is a process where light is absortied by a media and is then 
converted into a voltage or electric current Wtien light strikes certain materials, the 
photons In the light excite electrons in the material. In some materials, there are free 
electrons that are released by the interaction with the photon; the movement of that 
electron leaves a hole. The flow of the electron, along with the resulting holes creates 
el«jtric cun^ent. Most of the PV cells used today are based on Inorganic semiconductor 
materials such as silicon, although other materials, suc^ as Gallium Arsenide, Cadmium 
Telluride, Copper Indium Diselenlde are also used. 

The typical silicon based solar cell uses a semiconductor pn-junctlon. The cell 
comprises semiconductor layers, one of which Is n-doped (doped with atoms of excess 
valence electrons) and the other is p-doped (doped with atoms lacking a valence 
electron); their interface forms a pn-junction. The n-doped layer is characterized by 
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excess electrons, while the p-doped layer Is characterized by holes. In other words, the 
n-doped layer Is a donor (D) of electrons, and the p-doped layer is an acceptor (A). 
Initially the doped materials reach equilibrium across the pn-Junclion. When sunlight 
strikes the material, the light Is absortjed in the excitation of the excess electrons, which 
are released and create a change separation along the pn-juncKon; a transport of 
eleclrx)ns and holes creates the electrical current that is collected by electrodes. 

The high cost of manufacturing traditional Inorganic photovoltaic materials and 
devices has led to signrficant reseajch into altemative photovoltaic materials, as well as 
how to configure those materials jwithin the solar cells. Additionally, improved efficiency 
could lower the lifetime cost and make photovoltaic devices a more commercially 
attractive and environmentally friendly energy altemative. One area of research is the 
use of organic materials to fabribate solar ceUs, such as using semi-conducUng 
conjugated polymers, liquid crystalline structures, etc Organic materials, including 
polymers, are relatively inexpensive, lightweight, flexible, and easily manufactured In 
comparison to their inorganic counterparts. 

However, semi-conducting polymers woric differently from inorganic 
semiconductors. Semi-conducting polymers are long molecules that have repeating 
structures and with alternating single and double cart)on-cartx)n bonds, and are referred 
to as being "conjugated." The double bonds (also called n bonds) within conjugated 
polymers generate a highest occupied molecular ortiital (HOMO) that is typically filled 
with It electrons, and a lowest unoccupied molecular ortjital (LUMO) that is typically 
Spedfication2of9 
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empty without light or other forms of excitation. The HOMO or LUMO of each double 
bond in a conjugated polymer badd}one interact with each other and fomi HOMO and 
LUMO bands, tiie energy difference between the two bands is generally called band 
gap, or sometimes also called the "optical gap". 

Most conjugated polymers appear to have a band gap that lies in the range of 1- . 
3 eV, which makes them ideally suited for light hanresting or photovoltaic devices 
worldng in the visible light range. The . photo-induced electron transfer and dharge 
(electron-hole) separation observed' in -conjugated organic composites of the donors 
(electron-donating or p4ype organic species) and acceptors (electron-withdrawing or n- 
type organic species) provnde an alternative to traditional inorganic solar cells. 

The mechanism for an organic approach to high efficiency light harvesting or 
photovoltaic conversion has been developed. Specifically, in organic photovoltaic 
materials, for instance, light generated exdtons (e.g., electron-hole pairs) can typically 
diffuse 20 nm in tiieir lifetime. The charges (ele(*ons and holes) can be separated at 
the contact interface between the donors and acceptors, where for donor excitons, tiie 
electrons are transfened from donor's LUMO to tiie acceptor's LUMO and for acceptor 
excitons, the holes transferred from acceptor's HOMO to the donor's HOMO, provided 
that the corresponding energy level differences between the donor and acceptor are big 
enough to overcome the exciton binding energy (typically 0.5 eV). Next, and mainly due 
to the asymmetry of tiie photovoltaic cell, tiie electrons travel and are odiected at the 
negative electrode, and holes travel and are collected at the positive electrodes. One of 
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the main scientific challenges for a high effidency organic photovoltaic device is to 
fabricate a nano structure where both the donor and acceptor phases have dimensions 
within the typical organic exciton diffusion range (about 20 nm), yet are continuous 
between the two electrodes. 

DESCRIPTION OF THE INVENTION 

The present invention is a potentially efficient organic photovoltaic device made 
of a -DBA- or an analogous blocI< copolymer system, where D is a donor deiivatized 
conjugated polymers, oligomers, or equivalent (also refenned as 'conjugated donor ■ 
block"), A is an acceptor derivatized conjugated polymer, oF^mer, or equivalent (also 
refened as 'conjugated acceptor bloclO. B is a non-conjugated (such as aliphatic) 
bridge unit. The said block polymer systenni may also be ^bodied in, refer to, or be 
represented as -ABD-, -DBAB-, -ABDB-, -BDBA-, -BABD-, -DBABD-, -ABDBA-, etc. 

The present invention comprises the structure and fabrication process of a 
polymer or "plastic" thin film photovolt^c device that possesses benefrts of lightweight, 
fleJdWe shape, cost effectiveness, and potentially very high power conversion efficiency 
in comparison to current commercial inorganic semi-conductor based photovoltaic 
devices. This "plastic" photovoltaic device has the following features: 

1) A conjugated donor block (D) is covalently connected with a conjugated acceptor 
btock (A) via a short non-conjugated bridge unit (B) to fomn a -DBA- or its analog type 
block copolymer diemical stnicAure, as shown in Rgure 1. Preliminary experimental 
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work has shown the -OBAB- type to be a useful embodiment Those skilled in the art 
will readily see that a variety of configurations could be produced for specific 
appllcafions or specifications. Preferably, the donor and acceptor blocks should be 
chosen, configured, or built in such a way that the band gap of both donor and acceptor 
phases in solid states substantially nnatch the optical radiation energy of the intended 
applfcatfons or devtees. This -DBA- and its analog type polymer backbone stmcture or 
"Primary Stmcture' can be realized via cdmmpn organte design and synthesis. 

2) Addlttonally. both the donor and acceptor conjugated block backbones may be self- 
assembled in a solid thin film state to fomi a nrortj'ital stacked or adjacent btock chain 
closely packed stmctures, as shown in Figure 2. as In many conjugated polymer 
systems, so that the n-oriMtals between adjacent backbones are well coupled or 
overiapped to each other. This may be called a "Secondary Stmcture". 

3) Additionally, the donor and acceptor block should be sufficiently different from each 
other, so that in solid thin film state, donor and acceptor blocks will be able to phase 
separate from each other as seen In many block copolymer systems. The donor and 
acceptor separated phases may be self-assembled to forni a columnar or "Honeycomb" 
shaped stmctures, as is. the general case known in many di- or tri-block copolymer 
systems. 
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It Is known that the incompatibility between the blocks leads to the fomiaton of 

many unique micro- or nano-phase separated and ordered structures, Including, but not 

limited to, lamella, columnar, cubic centered lattice, etc., and a specific phase separated 

stnicture Is determined by chemical composition, size of each Uock, temperature, and 

other factors. For ' Instance, a recent, report of MEH-PPV/Pdystyrene-Ceo 

donoi/acceptor di-b!ock copolymer system Indeed exhibited a "honeycomb" shaped 

nano structure. 

Each donor phase column should interface with at least one acceptor column, 
and vice versa. The diameter of each column should be approximately within the 
coffesponding effective exdton dlRustan length of the respective donor or acceptor 
blocks (typically about 20 nm). 

Rnally, a thin layer of donor block may be coated on one side of the columnar or 
"Honeycomb" structure In perpendicular to the column direcfion in order to Ibrni a 
positive side of the photovoltaic device, and a thin layer of accepto"r block will likewise 
coated on the other side of the "Honeycomb" to fomii a negative side of the PV device. 
Other forms of aligning or directing charge as is known in the art will serve as well. 
Finally, a conducting electrode with a work function cIos6 to, or substantially appropriate 
to the HOMO levels of the donor placed in contact to the donor (positive) layer side of 
the device will collect holes, and a conducting electrode with a work function close to, or 
substantially appropriate for the LUMO levels of the acceptor placed in contact to the 
acceptor layer (negative) side to collect electrons. At least one electrode should be 
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transparent to the intended light radiation. This may be called "Tertiary Structure" of the 
said PV cell, as shown in Figure 3. ' 

In the present Invention, a -DBAB- type block copolymer system has. already 
been synthesized and characterized recently, where D Is an alkyloxy donor derlvatized 
poly-(1,4)-phenylenevinylene (PPV), abbreviated as "RO-PPV". A Is a sulfone acceptor 
derivatized PPV, abbreviated as "SF-PPV-I", and B is a non-conjugated aliphatic bridge 
unit Preliminary electron microscopic study has revealed Interesting regular nano- 
phase separated morphological pattern in a drop dried -DBAB- film. A donor or 
acceptor derivatized polythlophenes, or other similar type materials, may also be used 
as the conjugated blodcs. A non-conjugated bridge unit provides an energy barrier 
between the bands of the donor and acceptor blocks in order to prevent a convenient 
electron-hole recombination. The bridge also makes the donor or acceptor rigid blocks 
less vulnerable to distoriiion, and more convenient to self-assemble. CJonjugated n 
prtittal distortion due to molecular themial vibrations or baci^bone twist typically 
intenupts conjugation and therefore reduces charge mobility. 

In summary, the backbone. stmc*ure -DBA- and Its analogs may be called a 
"Primary Stnjcture". Since the n oriDltal overiap between rigid blodcs are useful for 
charge mobility, this self-assembly morphology between blocks could be called a 
"Secondary Structure". Finally, the block copolymer "honeycomb" morphology provides 

Specification 7 of 9 



036021.0001 

Title: A Photovoltaic Device Based on Coi^tfgsted Block Copolymers 
Inventor. Sam-Shajing Sun 

smooth "tunnels" for charge transportation to the respective electrodes. The 
"honeycomb" structure may be sandhwiched between a thin layer of donor film (in 
contact with a positive electrode), and a thin layer of acceptor film 0" contact with a 
negative electrode) so that an efficient asymmetric polymeric photovoltaic device Is thus 
formed. The sandwiched "honeycomb" structure can be called a "Tertiaiy Structure". 
Another advantage of this system is that the interfacial area and the phase size can be 
tuned via block copolymer segment size, therefore, the opto-eleclronic conversion 
efTiclency can be easily optimized via materials design and synttiesis. 

CUUMS 

What is claimed is: 

1. A photovoltaic primary structure comprising: 

a conjugated donor block, 

a conjugated acceptor block, and 

a non-conjugated bridge covalently coupling said donor blo(* and said acceptor 
block. 

2. The photovoltaic primary stoidure as described in claim 1, wherein a second non- 
conjugated bridge is covalently coupled to one of either said acceptor block or said 
donor block, and said second non-conjugated bridge is capable of coupling to other 
such photovoltaic primary stnjctures to form a repeating chain. 
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3. A photovoltaic secondary structure comprising a plurality of primary structures In a n 
ortDltal stack and dosely packed morphology. 

4. A photovoltaic tertiary staicture comprising a plurality of secondary stnjclures in a 
phase separated collumnar nano-structure. 

5. A photovoltak: tertiary structure as described in claim 4, further comprising a donor 
thin layer at a first end of such collumnar nano-structure and an acceptor thin layer at an 
opposing second end of such collumnar nano-strndure, wherein said dorior thin layer 
and said acceptor thin layer are oriented to such collumnar nano-slmcture so as to forni 
an asymmetric geometry. 

6. A process for produdng a photovoltaic primary sfaucture comprising the steps of 

produdng a conjugated dpnor block. 
. produdng a conjugated acceptor block, and 
covalently coupfing said donor block to said acceptor block with a non- 
conjugated bridge. #37i307v2 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re Application of: 
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For: Photovoltaic Devices Based on a 
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Sam-Shajing SUN 
Group Art Unit: 1709 

Examiner: Asha J. Hall 



DECLARATION OF SAM-SHAJING SUN UNDER 37 C.F.R. 1.131 



CITY OF CHESAPEAKE 

COMMONWEALTH OF VIRGINIA, USA, to wit: 
I, Sam-Shajing Sun do hereby declare: 

1. I am the sole inventor of the patent application identified above and inventor of the 
subject matter described and claimed therein. 

2. I am one of the co-authors of the cited publication, Fan, etaL, ("Synthesis and 
Characterization of a Novel block Copolymer," Proceedings of Polymeric Materials: Science 
Engineering, v.86, 47, 2002). This document was cited against claims 9-17 of the above 
referenced application. The other co-authors of this cited publication were merely working 
under my direction within the Center for Materials Research at Norfolk State University. 

3. In the same year as publication of this citation, I did cause to be prepared under my 
supervision the provisional patent application, U.S. App. Ser. No. 60/426,108, filed November 
14, 2002. I am also the sole inventor of that provisional patent application. A utility patent 
application was then diligently prepared and filed, U.S. App. Ser. No. 10/714,230, which is the 
patent application identified above. This present application, in conjunction with a Petition for 
the Acceptance of Unintentionally Delayed Claim for Priority Under 37 CFR § 1 .78(a) filed June 
19, 2007, claims priority to that provisional patent application. 



4. 



hereby declare that all statements made herein of my own knowledge are true and that 



all statements made on information and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under 18 U.S.C. 1001 and that such willful false 
statements may jeopardize the validity of the application of any patent issued thereon. 

I declare under penalty of perjury under the laws of the United States of America that the 
foregoing is true and correct. Executed on June 26, 2007. 

5. Further declarant sayeth not. 
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DETAILED ACTION 



Election/Restrictions 



1. 



Restriction 



the following inventions is required under 35 U.S.C. 121: 



Group I, Clalm1-8, drawn to drawn to a photovoltaic device based on 



block copolymer, classified in class 136, subclass 263. 



Group II. Claim 9-21 , drawn to a method of forming a photovoltaic block 



copolynfier, classified in class 257, subclass 258. 



2. The inventions are distinct, each from the other because of the following reasons: 
Inventions II and I are related as process of making and product made. The 

inventions are distinct if either or both of the following can be shown: (1 ) that the 
process as claimed can be used to make another and materially different product or (2) 
that the product as claimed can be made by another and materially different process 
(MPEP § 806.05(f)). In the instant case the process as claimed can be used to make a 
materially different product. For example, the process claimed can be employed with 
other polymer materials (i.e. PMMA or poly(3-hexylthiophene). 

3. Because these inventions are independent or distinct for the reasons given 
above and there would be a serious burden on the examiner if restriction is not required 
because the inventions have acquired a separate status in the art in view of their 
different classification, restriction for examination purposes as indicated is proper. 
Because these inventions are independent or distinct for the reasons given above and 
there would be a serious burden on the examiner if restriction is not required because 
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the inventions require a different field of search (see MPEP § 808.02), restriction for 
examination purposes as indicated is proper. 

4. Applicant is reminded that upon the cancellation of claims to a non-elected 
invention, the inventorship must be amended in compliance with 37 CFR 1 .48(b) if one 
or more of the currently named inventors is no longer an inventor of at least one claim 
remaining in the application. Any amendment of inventorship must be accompanied by 
a request under 37 CFR 1 .48(b) and by the fee required under 37 CFR 1 .1 7(i). 

Priority 

5. Applicant's claim for the benefit of a prior-filed application under 35 U.S.C. 1 19(e) 
or under 35 U.S.C. 120. 121 , or 365(c) is acknowledged. Applicant has not complied 
with one or more conditions for receiving the benefit of an earlier filing date under 
35U.S.C. 119 (e) as follows: The applicant claims benefit to 60/428,108 on the 
bibliographic data sheet. The data provided by the applicant is hot consistent with the 
Patent and Trademark Office records. 

Claim Rejections • 35 USC §112 

6. The following Is a quotation of the second paragraph of 35 U.S.C. 112: 

The specification shall conclude with one or more claims particularly pointing out and distinctly 
claiming the subject matter, which the applicant regards as his invention. 
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7. Claims 12 and 19 are rejected under 35 U.S.C. 112, second paragraph, as being 
indefinite for failing to particularly point out and distinctly claim the subject matter which 
applicant regards as the invention. 

The tenn "easily" in claim 12 is a relative terni, which renders the claim indefinite. 
The temn "easily" is not defined by the claim, the specification does not provide a 
standard for ascertaining the requisite degree, and one of ordinary skill in the art would 
not be reasonably apprised of the scope of the invention. 

The term "enhancing" in claim 19 is a relative term, which renders the claim 
indefinite. The temri "enhancing" is not defined by the claim, the specification does not 
provide a standard for ascertaining the requisite degree, and one of ordinary skill in the 
art would not be reasonably apprised of the scope of the invention. 

In claim 19, the phrase "photovoltaic block copolymer film" renders the claim 
unclear according to the context of the claim. As stated in the application, the 
photovoltaic block copolymer film contains donor and acceptor cam'er materials, which 
are portrayed as being apart of the photovoltaic block copolymer film (paragraph 3 & 
Figure 12). The term of the photovoltaic block copolymer film has been interpreted as 
the device. 



Claim Rejections • 35 USC § 102 



8. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that 
fonn the basis for the rejections under this section made In this Office action: 
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(a) the invention was known or used by others in this country, or patented or described in a printed 
publication in this or a foreign country, before the invention thereof by the applicant for a patent. 

9. Claims 9-16 are rejected under 35 U.S.C. 102(a) as being anticipated by Fan et 
al., ("Synthesis and Characterization of a Novel Block Copolymer," Proceedings of 
Polymeric Materials: Science & Engineering, v.86, 47, 2002). 

With regard to claim 9, Fan et al. discloses the method for fomiing an organic 
photovoltaic device, comprising of synthesizing photovoltaic block copolymer samples: 

(a) dissolving the photovoltaic block copolymer samples in a solvent (paragraph 

2); 

. (b) filtering the copolymer-solvent mixture (paragraph 2); 

(c) forming a film of the copolymer-solvent mixture on a pretreated glass 
slide/prepared surface (paragraph 2); 

(d) removing the solvent/dried overnight (paragraph 2). 

With respect to claim 10. Fan et al. further shows: 

(a) individually synthesizing conjugated donor chains (Figure 1). conjugated 
acceptor chains (Figure 1 ), 

(b) non-conjugated bridge chains (Figure 1 ); 

(c) combining the non-conjugated bridge chains with the conjugated donor 
chains to form a plurality of bridge-donor-bridge units; and 

(d) combining the bridge-donor-bridge units with the conjugated acceptor chains 
(paragraph 5). 
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In regard to claim 11. Fan et al. further discloses the photovoltaic block 
copolymer samples synthesized by: 

(a) individually synthesizing conjugated donor chains (Figure 1 ), 

(b) conjugated acceptor chains and non-conjugated bridge chains (Figure 1); 
combining the non-conjugated bridge chains with the conjugated acceptor chains 
to fomn a plurality of bridge-acceptdr-bridge units (paragraph 5); 

(c) combining the bridge-acceptor-bridge units with the conjugated donor chains 
(Figure 1). 

With respect to claim 12, Fan et al. further discloses the solvent dried overnight 
in the heated vacuum oven (paragraph 2). 

In regard to claim 1 3, Fan et al. further discloses that the copolymer-solvent 
solution is filtered using a filter having a pore size of about 0.2 microns (paragraph 2). 

With respect to claim 14, Fan et al. further discloses that the film is fomied by a 
method selected from the group consisting of spin coating and drop drying (paragraph 
2). 

In regard to claim 15. Fan et al. further discloses that the prepared surface is pre- 
cleaned. conducting glass/pretreated glass slides (paragraph 2). 

With respect to claim 16. Fan et al. further discloses that the solvent is removed 
by a method selected from the group consisting of heating, vacuum exposure and a 
combination of heating and vacuum exposure (paragraph 2). 
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C/a/m Rejections • 35 USC § 103 

10. The following is a quotation of 35 U.S.C. 103(a) which fomris the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

1 1 . Claim 17 is rejected under 35 U.S.C. 103(a) as being unpatentable over Fan et 
al. ("Synthesis and Characterization of a Novel Block Copolymer." Proceedings of 
Polymeric Materials: Science & Engineering, v.86, 47, 2002) as applied to claim 9 
above, in view of Allen et al, (5,041 ,510) and Visscher et al., ("Construction of Multiple- 
Beam Optical Traps with Nanometer-Resolution Position Sensing", IEEE Journal of 
Selected Topics in Quantum Electronics, vol. 2, Issue 4, pages 1066-1076 (Dec.1996)). 

With respect to claim 17, Fan et al. discloses the methods with respect to claim 9 
above, but fails to disclose applying to the device a force selected from the group 
consisting of magnetic, electrical, and optical forces. Allen et al. discloses the 
processing of copolymer block film (col.6; lines15-24); and discloses applying a force to 
polymer selected from the group consisting of magnetic and electrical (col.3; lines 66-68 
& col.4; lines 1-2) forces to induce alignment of mobile dipolar copolymers (col. 3; lines 
66-68). Thus, it would have been obvious to one skilled in the art at the time of the 
invention to apply magnetic and electrical forces as taught by Allen to modify Fan et al. 
in order to mobilize the dipolar (charge carriers within) copolymers. 
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Fan at al. in view of Allen at al. fails to disclose applying an optical force to the 
block copolymer. However. VIssCher et al. discloses the ability to manipulate molecules 
with forces on a molecular scale (p. 1075) and applying the use. of an optical force, (also 
known as "optical tweezers") to generate charge carrier displacement (to move positive 
and negative charges) along the polymeric tracks (p. 1 066). Thus, it would have been 
further obvious to one skilled in the art at the time of the invention to apply an optical 
force as taught by Visscher et al. in modified Fan et al. in order to move the charges 
more affectively along the conjugated chains and towards the electric field directions. 

12. Claim 18 is rejected under 35 U.S.C. 103(a) as being unpatentable over Brabec 
et al., ("Origin of the Open Circuit Voltage of Plastic Solar Cells", Advanced Functional 
Materials, vol. 1 1 . Issue 5, pages 374-380 (2001 )) in view of Sethuraman et al. 
(5.972.124). 

In regard to claim 18, Brabec et al. discloses: 

(a) the cleaning of entire piece of conducting glass (experimental paragraph 1; p. 
379): 

(b) synthesizing a photovoltaic block copolymer from conjugated donor chains, 
conjugated acceptor chains and non-conjugated bridge chains (experimental 
paragraph 1 ; p. 379); 

(c) spin coating the piece of conducting glass (experimental paragraph 1 ; p. 379) 
with the photovoltaic block copolymer to fomi a film having a thickness of about 
lOOnm (paragraph 2.3.1; p. 376); 
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(d) vacuum depositing an electrode material on top of the film wherein the 
electrode material has a thickness of about 100nm (paragraph 2.3.2; p. 377), 
such that a positive electrode and a negative electrode are fomned (paragraph 
2.3.2; p. 377). 

Brabec et al. fails to disclose a method of immersing a portion of conducting glass 
specifically in sulfuric acid. Whereas, Sethuraman et al. teaches a method of cleaning 
conducting glass (col. 4; lines: 25) and immersing a portion of a piece of conducting 
glass in a concentrated sulfuric acid cleaning solution (col.4; lines; 11-12 and lines: 25- 
29) to successfully clean the conducting glass without removing metals (col.4; lines: 34- 
35). Thus, it would have been obvious to one skilled in the art at the time of the 
invention to apply the cleaning steps as taught by Sethuraman et al. to the method of 
Brabec et al. in order to successfully clean the conducting glass without removing 
metals. 

13. Claims 19 and 20 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Brabec et al., ("Origin of the Open Circuit Voltage of Plastic Solar Cells", Advanced 
Functional Materials, vol. 11, Issue 5, pages 374-380 (2001 )) in view of Sethuraman et 
al. (5,972,124) as in claim 18 above, and in further view of Nava et al., (Tullerene- 
functionalized polyesters: synthesis, characterization and incorporation in photovoltaic 
cells", New Joumal of Chemistry, vol. 26, pages 1584-1589 (2002)). 
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With respect to claims 19 and 20, modified process of Brabec et al. discloses the 
elements of claim 18 as discussed above, but fails to disclose fomiing one or more films 
of carrier materials. Nave et al. discloses processing of copolymer films (paragraph 2; p. 
1 587) and discloses fomiing one or more carrier films of lithium fluoride (paragraph 2; p. 
1587) and poly(ethylene dioxythiophene)/polystyrene sulfuric acid (PEDOT:PSS) 
(paragraph 1; p. 1587) that shows clear photovoltaic behavior(paragraph 2; p. 1587). 
Thus, it would have been obvious to one skilled in the art at the time of the invention to 
include the carrier films of lithium fluoride and poly(ethylene 

dioxythiophene)/polystyrene sulfuric acid (PEDOT:PSS) as taught by Nava et al. to the 
method of Brabec et al. in order to form one or more films that shows clear photovoltaic 
behavior. 

14. Claim 21 is rejected under 35 U.S.C. 103(a) as being unpatentable over Brabec 
et al., ("Origin of the Open Circuit Voltage of Plastic Solar Cells", Advanced Functional 
Materials, vol. 11, Issue 5, pages 374-380 (2001)) in view of Sethuraman et al. 
(5,972,124) as in claim 18 above, and in further view of Hummelen et al. ("Stability 
issues of conjugated polymer/ fullerene solar cells from a chemical viewpoint", 
Proceedings of SPIE vol. 4108. (2001 ).p76-83). 

With respect to claim 21. modified steps of Brabec et al. discloses: 

(a) the fonning of a film synthesized from donor chains (holes) between 
the positive electrode and the. photovoltaic block copolymer film 
(paragraph 2.3.2; p.377).; 
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(b) and forming a film synthesized from acceptor chains (electrons) 
between the negative electrode the photovoltaic block copolymer film 
(paragraph 2.3.2; p.377). 
However, modified Brabec et al. fails to disclose a photovoltaic block film with donor and 
acceptor chains between the positive and negative electrodes. Hummeien et al. 
discloses a photovoltaic block film (p.77,Figure 1b.) with synthesized donor and 
acceptor chains in Figure 1..b (p.77) to have the holes flow towards the positive 
electrode and electrons flow towards the negative electrode. Thus, it would have been 
obvious to one skilled in the art at the time of the invention to apply the modified steps 
of Brabec et al. to synthesize a photovoltaic block copolymer with donor and acceptor 
chains to supply a charge transfer in the photovoltaic block copolymer. 

Conclusion 

1 5. Any inquiry conceming this communication or earlier communications from the 
examiner should be directed to Asha Hall whose telephone number is 571-272-9812. 
The examiner can normally be reached on Monday-Friday 7:30-5:00PM EST. 

If attempts to reach the examiner by telephone are .unsuccessful, the examiner's 
supervisor, Alexa Meckel can be reached on 571-272-1446. The fax phone number for 
the organization where this application or proceeding is assigned is 571-273-8300. 
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Information regarding the status of an application may be obtained from the 
Patent Application Infonnation Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 
USPTO Customer Sen/ice Representative or access to the automated information 
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 
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